Free radicals have important roles in pathogenesis of diabetes mellitus. It has been well documented that there is a link between oxidative stress and secondary complications of diabetes mellitus. However, humans are well endowed with antioxidant defences, primarily by free radical scavengers, such as Vitamins A, C, E and some trace elements. Deficiencies of these micronutrients may increase susceptibility to this disease and the associated complications. In this study, serum antioxidant vitamins (Vitamin A, C and E) were estimated in 50 Type 2 diabetic patients using standard procedures, and the results obtained were compared with those of apparently healthy, non-diabetic subjects of comparable age and social status. Serum glucose level of the diabetic subjects (11.47 ± 1.67 mmol/L) was significantly higher (P < 0.05) than the value obtained for the non-diabetic subjects (4.16 ± 0.46 mmol/L). Vitamin A (14.38 ± 7.59 µg/L), C (0.66 ± 0.17 mg/dl) and E (0.51 ± 0.19 mg/dl) concentrations were significantly lower (P < 0.05) in diabetic patients relative to the levels of Vitamin A (44.12 ± 11.79 µg/L), C (0.97 ± 0.23 mg/dl) and E (0.68 ± 0.13 mg/dl) in control subjects. About 30, 36 and 12% of the diabetic subjects had severe Vitamins A, C and E deficiencies, respectively. These deficiencies may be contributing factor to the complications of type 2 diabetes mellitus. The outcome of the inclusion of Vitamin A, C and E supplements in the therapeutic regimen for Type 2 diabetics in Nigeria should be studied so that health care providers could be advised.
INTRODUCTION
Recent research has shown that free radicals have important roles in pathogenesis of diabetes and a relationship between oxidative stress and secondary complications of diabetes exist (Singal et al., 2001; Mercuri et al., 2000) . Patients with type 2 diabetes are subjected to chronic oxidative stress (Ghiselli, 1995) . Oxidation reactions can produce free radicals which start chains of reactions that damage cells. Antioxidants terminate these chain reactions by removing free radical intermediates and inhibit other oxidation reaction, and as a result serve as reducing agents (Sies, 1997) . *Corresponding author. E-mail: eghoben@yahoo.com. Tel: +2348032769393. Despite the inhibition of free radicals by antioxidants, there are several potential sources of free radical production in diabetes, including auto-oxidation of plasma glucose (1) , leucocyte activation, and increased transition metal bioavailability (Wolfs, 1991) which could overwhelm the body's antioxidant defences. The total antioxidant status (TAS) in Type 1 or 2 diabetes mellitus is lower than that of age-matched controls, a finding which might be attributable to lower levels of Vitamin C, Vitamin E (Vericel, 2004) or other factors including micronutrients in blood (Cunningham, 1998) .
It has been proposed that oxidant vitamins can be used to block formation of free radicals and hence, prevent development of diabetes (Anderson, 2001; Tezuka, 1991) , while superoxide radicals are cleansed by 2 enzymatic dismutase, antioxidants clean free radicals in organisms (Preuss, 1998) . Glutathione is a very nonenzymatic antioxidant together with antioxidant Vitamins A, C and E (Ueno, 1998) . It has been proposed that in diabetic patients, several abnormalities related with absorption develop in the absence of antioxidant vitamins (Urmila, 2004) . Absolute or relative deficiency of antioxidant defence may lead to a situation of increased oxidative stress, especially in case of obesity, dyslipidemia and insulin resistance, and this may be associated with both the causes and consequences of a variety of disorder (Mayes, 1996) . Thus, this investigation was designed to report the levels of antioxidant vitamins (A, C and E) in newly diagnosed type 2 diabetes yet to be treated.
MATERIALS AND METHODS

Subjects
The subjects selected for this study were 50 consenting diabetic patients (25 males and 25 females) who were newly diagnosed in the diabetic clinic, Federal Medical Centre (FMC), Owerri, Nigeria. Information on the age, weight, height and nature of occupation of the subjects were obtained. Fifty (50) apparently healthy, nondiabetic subjects (26 males and 24 females) of similar socioeconomic status, who were members of the hospital community were recruited to serve as control. The consent of all subjects were sought and obtained. The study was approved by the Research and Ethics Committee inaugurated by the Hospitals Board.
Specimen collection and preservation
Fasting blood samples were collected into labelled centrifuge tubes after 8 to 12 h overnight fast from the subjects by veno-puncture using 21 gauge sterile hypodermic syringe and needle. The blood samples were centrifuged at 2000 rpm for 10 min using a desktop centrifuge, and the serum was separated and kept in labelled sample bottles at 20°C until required.
Specimen analysis
Blood glucose was measured by the glucose oxidase method (Trinder, 1964) using commercial test kit supplied by Randox Laboratories, Ardmore, UK. Vitamin A concentration in serum was determined by the CarrPrice reaction. Levels of serum Vitamin C were measured spectrophotometrically. Serum vitamin E level was determined by a colorimetric method (Quaife et al., 1949) . The reagents for determining the amounts of antioxidant vitamins (A, C and E) in serum were AnalaR grade chemicals supplied by BDH, Poole, England.
Statistical analysis
Results are presented as mean ± standard deviation and were separated on the basis of gender. Serum levels of the trace antioxidant vitamins were correlated with serum glucose levels of both the diabetic and control subjects and correlation coefficients determined. The student's t-test was used to determine the level of significance which was set at P < 0.05.
RESULTS
The diabetic patients had higher weight measures than the control subjects ( Table 1 ). The result of the body mass index (BMI) indicates that the diabetic subjects were overweight, while the healthy, non-diabetic control subjects were within the reference range for normal weight.
From Table 2 , there was a significant difference (P < 0.05) between serum glucose level of the Type 2 diabetic and non-diabetics. When separated on the basis of gender, the result still shows significant differences (P < 0.05). Serum levels of antioxidant vitamins were significantly lower (P < 0.05) in diabetic subjects when compared with normal control individuals.
From Table 3 , prevalence of hypovitaminosis among diabetics is widely spread in the study area. As indicated (Table 3) , 30, 36 and 12% of the subjects had severe Vitamins A, C and E deficiencies, respectively. Male  28  32  20  22  20  13  Female  36  36  28  14  20  16  Total  30  36  12  18  20  6 Vitamin A based on IVACG (1996) Criteria, Vitamin C and E based on WHO/MONICA (1992) Criteria (Dosso et al., 2001 ).
Subjects
Severe deficiency Marginal deficiency
NIDDM (%)
DISCUSSION
The primary need of a diabetic patient is to attain and sustain normoglycaemia. His potential problems are largely the complications that could develop as a result of poor management of the disease. Management and treatment of diabetes is difficult due to poor level of education and health care facilities in developing countries. Therefore, reported increase of diabetes in Nigeria has been of great concern (Bakari et al., 1999) . The WHO/MONICA dual study of antioxidants and that of Cunningham indicated that normal serum concentration of vitamin A ranged from 40 to 70 µg/dl (Cunningham, 1998) . Lower acceptable levels are 30 µg/dl for children and 20 µg/dl for adults. Serum concentrations of less than 10 µg/dl for adults are indicative of deficiency and severe depletion of liver stores of vitamin A (IVACG, 1996) . High levels are usually found in individuals receiving diets high in vitamin A (Cunningham, 1998) . Low serum levels of vitamin A are also found in gastrointestinal, pancreatic and hepatic disease and in infections like fever and chronic nephritis (Sankale et al., 1992) . However, women taking steroids or oral contraceptives have been reported to have slightly elevated serum concentrations of vitamin A (Packer, 2000) . Vitamin A activity is very important for maintaining health and thus, humans and other animals have developed the capacity to store it. Storage lessens the need for regular intake of the vitamin, since it can be mobilized from these stores as retinal bound to retinol binding protein (Wongsiriroj and Blaner, 2004) . Liver is the major storage organ for vitamin A, though other tissues, such as lungs, eyes adipose tissue and skin can also store it (Wongsiriroj and Blaner, 2004 ).
In the current work, mean serum levels of vitamin A recorded for the non-insulin dependent (type 2) diabetes mellitus (NIDDM) and control subjects were 14.38 ± 7.59 and 44.12 ± 11.79 µg/dl, respectively.
Concentration of vitamin A in NIDDM subjects were significantly lower than the values obtained for the control subjects. This is an indication that NIDDM subjects in the study area are vitamin A deficient. Further analyses of the results revealed that 28 and 36% of the male and female diabetic patients, respectively had less than 10 µg/dl of vitamin A, a condition considered as severe deficiency state. Additionally, 40% of the male and 36% of the female diabetic patients have moderate vitamin A deficiency (10 to 19 µg/dl). Furthermore, 22% of the male and 14% of the female diabetic patients had serum vitamin A concentrations within the range of 20 and 29 µg/dl; a marginal deficient state. Only about 2% male and 1.2% of the female control subjects had moderate vitamin A deficiency (10 to 19 µg/dl). There was no recorded cases of severe deficiency (that is <10 µg/dl) among the control subjects.
An individual is considered Vitamin C deficient when his/her serum Vitamin C concentration is less than 0.8 mg/dl. In the present study, 80% of male diabetic subjects and 30% of female diabetics had serum Vitamin C concentrations below 0.8 mg/dl. Acceptable normal range for vitamin E is 0.80 to 1.2 mg/dl (Cunningham, 1998) . In the present study, reference range obtained for Vitamin E was 0.50 to 1.3 mg/dl. The mean serum Vitamin E obtained for the diabetic patients was significantly lower (P < 0.05) than the values obtained for the control subjects. Further analysis of the results indicates that 68 and 62% of female and male diabetic patients, respectively were Vitamin E deficient.
Several diseases are associated with free radical production, these diseases include among others, diabetes mellitus, atherosclerosis and cancer. Consumption of fruits and vegetables has been associated with reduced risk of free radicals production (Yochum et al., 2000) . The potential protective effects of these foods may be due to their antioxidant vitamin contents. Β-carotene, one of the dietary sources of Vitamin A, C and E, the free radical scavengers have been shown to quench singlet oxygen, superoxide, hydroxy radical and peroxy radicals (Stahl and Sies, 1997) . The implication of these to the diabetic subjects cannot be overemphasized. In the current work, a direct negative correlation between serum antioxidant vitamins and fasting blood sugar was observed.
Hyperglycaemia is a recognized pathogenic factor of long-term complications in diabetes mellitus. It does not only generate reactive oxygen species, but also alternatives antioxidant mechanism, creating a state of oxidative stress (Catherwood et al., 2002) . The beta cells are sensitive to oxidative stress, because their intracellular antioxidant defense mechanisms are weak (Rasilainens et al., 2002) . It is believed that one of the mechanisms responsible for secondary complications of diabetes involve non-enzymatic glycosylation of proteins by glucose auto-oxidation (Cariello et al., 1992) . Nonenzymatic glycosylation is a spontaneous chemical reaction between glucose and the amino groups of proteins resulting in the formation of reversible schiff's bases and Amadon products. These products have been reported to generate free radicals, causing oxidative stress and tissue damage (Baynes, 1991) . Antioxidant vitamins, such as Vitamins C and E have been shown to reduce protein glycosylation and act as scavengers of free radicals generated by glycosylated proteins (Cariello et al., 1992) . Cardiovascular complication of diabetes is in part due to small vessel damage by oxidized low density lipoprotein (LDL). Vitamin E was found to lower LDL oxidation, thus lowering the risk of diabetic cardiovascular complications (Fuller et al., 1996) .
CONCLUSION AND RECOMMENDATION
It is apparent from the current study that subjects with Type 2 diabetes in the study area have low levels of serum antioxidant vitamins. The deficiencies of these vitamins have been implicated in the development of diabetic late complications, such as cataract, nephropathy and neuropathy (Packer, 2000) . Some studies suggest that people with diabetes have elevated levels of free radicals and lower levels of antioxidants (Schneider et al., 2000) . Some other studies suggested further that Vitamin E, biotin and Vitamin B 6 supplementation may improve symptoms of diabetes and reduce the risk of associated complications (Schneider et al., 2000) . In a similar study, Vitamin E was found to reduce lipid peroxidation stress in Type 2 diabetic subjects with retinopathy (Chung et al., 1998) . The study further showed that nutrients including Vitamin E, Vitamin C, magnesium, chromium, lipoic acid and vanadium, all have beneficial effects on the symptoms or complications associated with diabetes. Many of these nutrients appear to be closely associated with insulin metabolism and help maintain proper blood glucose levels (Chung et al., 1998) .
In view of the significant reduced antioxidants concentrations in NIDDM subjects obtained in this study and significant negative correlations between serum antioxidant vitamins and fasting blood glucose level of the subjects, it may not be out of place to recommend the inclusion of antioxidant vitamins in therapeutic regimens for the management of NIDDM in particular and diabetes mellitus in general in the study area. This could assist in reducing or delaying the risk of diabetic late complications. Therefore, the effect of supplementing the therapeutic regimens for NIDDM management with antioxidants vitamins on diabetic complications needs to be studied and scientific facts obtained so that health care providers could be convincingly advised.
